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An Apollo Mission Tra jec tory  Documentation P lan  has been prepared t o  
def ine  t h e  p r i n c i p a l  documents covering information flow i n  t h e  areas  of 
mission planning and t r a j e c t o r y  design. I n  addi t ion ,  a s e t  of d e t a i l e d  
information flow c h a r t s  and a current schedule have been included t o  
i l l u s t r a t e  t h e  v a r i e t y  of i n t e r f aces  covered by t h e  documentation and t o  
provide i n s i g h t  i n t o  t h e  r e l a t ionsh ip  between each phase of mission de- 
velopment and t h e  r e s t  o f  t h e  Apollo Program. 

INTRODUCTION 

It i s  t h e  purpose of t h i s  note t o  provide a l i s t i n g ,  a d e t a i l e d  d e f i n i -  
t i o n ,  and a cur ren t  schedule of a l l  documentation d i r e c t l y  assoc ia ted  
w i t h  Apollo mission design and t r a j e c t o r y  ana lys i s .  The documentation 
p l an ,  as presented ,  represents  an agreed t o  and working procedure between 
MSC and MSFC mission design groups. Furthermore, t h e  i n t e r f a c e s  between 
MSC and a l l  t h r e e  p r i n c i p a l  cont rac tors  have been defined and t h e i r  
p a r t i c i p a t i o n  i n  t h e  mission design process noted. 

The amount of documentation he re in  defined may a t  f i r s t  appearance seem 
over ly  complex. The i n t e n t i o n  of t h i s  c o l l e c t i o n ,  however, i s  t o  be as 
complete as poss ib l e  so  t h a t  a meaningful and encompassing schedule m a y  
be  developed. As a r e s u l t ,  a v a r i e t y  of documents, not normally considered 
t r a j e c t o r y  o r i en ted ,  are included which e i t h e r  i n t e r f a c e  d i r e c t l y  or a r e  
i n d i r e c t l y  dependent upon key t r a j e c t o r y  milestones.  The bas i c  assumption 
employed i n  t h e  development of t h e  s t r u c t u r e  and schedule of t h i s  p l a n  was 
t h a t  t h e  o r i g i n a l  arrangement o f  the  mission development milestones,  which 
were t i e d  t o  t h e  spacecraf t  computer software and MCC-H rea l - t ime computer 
software schedules, were reasonable unless  otherwise challenged. Any 
disagreements which arose were negotiated; t h i s  present  schedule and docu- 
mentation s t r u c t u r e ,  t o  t he  b e s t  of our knowledge, represents  an agreeable 
p l a n  t o  a l l  p a r t i e s  concerned. 

The f u n t i o n a l  flow diagrams break the mission development down t o  essen- 
t i a l l y  t h r e e  phases. The documentation p o i n t s  or major milestones a re  
designed t o  def ine  and implement these phases. The t h r e e  phases a re :  

Mission Def in i t i on  

Mission Design 

e F l i g h t  Prepara t ion  

I m p l i c i t  i n  t h e  cons t ruc t ion  of t h i s  p l a n  i s  t h e  assumption t h a t  "Mission 
Design" i s  completed w i t h  t h e  issuance of t h e  "Reference Trajectory".  
A n y  t r a j e c t o r y  work done a f t e r  t h i s  p o i n t  i n  time i s  done p r imar i ly  t o  
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provide the  necessary d e t a i l s  f o r  t h e  ac tua l  f l i g h t .  
t h e  mission design phase has been scheduled t o  coincide with t h e  i n i t i a t i o n  
of programming f o r  t h e  onboard guidance computers. 

The completion of 

Where poss ib l e ,  t h e  r e s p o n s i b i l i t y  f o r  each NASA mission development docu- 
ment has  been assigned a t  t h e  branch l e v e l .  I n  general ,  t h i s  organiza t ion  
will perform t h e  major i ty  of t h e  work assoc ia ted  w i t h  t h a t  p a r t i c u l a r  p i ece  
of information and i n  any case,  has  t h e  r e s p o n s i b i l i t y  for e d i t i n g  and 
publ i sh ing  it. 
handled through t h e  F l igh t  Mechanics Panel  or one of i t s  subpanels. 

I n  t h e  case of j o i n t  MSC-MSFC documents, they  w i l l  be  

A t  t h e  present  time, t h e  only t r a j e c t o r y  document which w i l l  be i ssued  
i n  both English and metr ic  u n i t s  i s  t h e  re ference  t r a j e c t o r y  f o r  t h e  
lunar  missions.  This has been agreed t o  between MSC and MSFC i n  the  
Reference Trajectory Subpanel of t h e  F l i g h t  Mechanics Panel .  It i s  ex- 
pected t h a t  p a r t s  of a l l  documents i ssued  j o i n t l y  by MSC and MSFC will be  
publ ished i n  both  metr ic  and Engl ish u n i t s .  I n  genera l ,  it i s  planned 
t h a t  mission phases which a r e  of d i r e c t  i n t e r e s t  t o  MSFC w i l l  be publ ished 
i n  both English and metr ic  form. MSFC w i l l ,  i n  t u r n ,  provide English u n i t  
p r i n t o u t s  for  t he  booster  and earth o r b i t a l  p a r t s  of t h e  mission. The 
exact  breakdown of what par t  of each document w i l l  appear i n  t h i s  dual  
fash ion  must b e  determined by negot ia t ion  with MSFC i n  t h e  F l i g h t  Mechanics 
Panel.  
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1. Test Requirements 

Respons ib i l i t y  : N U /  GAEC 

Inputs From: NAA/GAEC Systems and Subsystems Managers , MSC 

Input To : Mission Requirements and Cons t ra in ts  

Purpose : These documents a re  expected t o  contain t h e  
CSM and LEMtest requirements. 

m i c a 1  Contents: The exact content must be arranged between 
ASPO, NAA and GAEC . 

Note: 
but-a p a r t  of a more genera l  documeni. 
t o  i n d i c a t e  t h e  cont rac tor  input t o  t h e  ASPO Mission Requirements 
and Cons t ra in ts  document. 

The "Test Requirements" may not be a document i n  i t s e l f  
It is listed kcre ccl;r 
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2. Spacecraft Mission Requirements 

Re s~ ons ib  i li t v  : 

I n m t s  From: 

Input To : 

Purpose : 

Typical Contents : 

MSC/ ASPO 

Mission Assignment and con t r ac to r s  

Mission Requirements and Cons t ra in ts  

This document contains t h e  spacecraf t  ob jec t ives  
and requirements fo r  t h e  mission. 

A. Objectives 
1. Spacecraft  
2 .  Operational 
3. Experiment a1  

B. Test  Requirements 
C .  System Charac te r i s t i c s  
D.  Standards 

- Note: 
i nd ica t e  t h a t  t h e  information w i l l  be formulated by A S P O  as an 
input  t o  t h e  j o i n t  Mission Requirements and Cons t ra in ts  document. 

This may not be an a c t u a l  document, bu t  i s  l i s t e d  he re  t o  
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3. Launch Vehicle Mission Requirements 

Re sp on s i b  i 1 i t y  : MSFC 

Inputs  From: Mission Assignment (NASA Headquarters ) 
Apollo Test Requirements (NASA Headquarters) 

Mission Requirements and Constraints  (MSC/MSFC) 

This document contains  t h e  launch vehic le  
ob jec t ives  and requirements f o r  t h e  mission. 

Input To : 

Typical  Contents: A .  Objectives 
1. Launch Vehicle 
2 .  Operations 

B. Test  Requirements 
C .  System Charac te r i s t i c s  
D.  Standards 

Note: This m a y  not be an actual  document b u t  i s  l i s t e d  to indiczte 
t he  MSFC cont r ibu t ion  t o  t h e  Mission Requirements and Constraints  
which w i l l  be formulated a t  working group meetings under t h e  aus- 
p i ces  of  t h e  ASP0 Systems Engineering Divis ion.  



4. Mission Requirements and cons t r a in t s  

Respons ib i l i ty  : ASPO 

Inputs From: MSC, MSFC and cons t rac tors  through t h e  ASPO 
Systems Engineering Div i s ion ' s  working group 
meetings. 

Input To : MSC Prel iminary Mission P r o f i l e  
MSFC Prel iminary Mission P r o f i l e  

Purpose : This document contains  t h e  j o i n t  spacecraf t  and 
launch vehic le  requirements a l t e r e d  by mutual 
agreement as i s  necessary f o r  compat ib i l i ty ,  
and i s  used t o  guide t h e  prel iminary mission 
t r a j e c t o r y  design. 

Typical Contents: A .  Objectives 
1. Spacecraft  
2.  Launch Vehicle 
3. Operations 
4. Experimental 

B. Test  Requirements (Deta i led)  
C .  Systems Charac te r i s t i c s  
D .  Standards 
E. Prel iminary Mission Cons t ra in ts  

Note: This document will not be an I C D  o r  r ece ive  wide d i s t r i b u t i o n  
bu t  w i l l  be  incorporated i n  t h e  appropr ia te  F l i g h t  Mechanics 
Panel  (FMP) I C D .  

- 



5. Apollo Mission Data Spec i f ica t ions  A 

Respons ib i l i ty  : 

Input From : 

MSC/ASPO (SED) 

Subsystems Managers, ASPO, Contractors ,  
MSFC, e t  a1 

Input  To : Preliminary Mission P r o f i l e  

Purpose: A s i n g l e  au thora ta t ive  source f o r  conf igura t ion  
and performance data t o  support  t r a j e c t o r y  
ca lcu la t ions  f o r  mission planning and opera- 
t i o n a l  support. This i n i t i a l  i s sue  of t h e  
da t a  book w i l l  support t h e  prepara t ion  of 
t h e  Preliminary Mission P r o f i l e .  Subsequent 
rev is ions  w i l l  support t h e  Preliminary Refer- 
ence Trajectory,  Reference Tra jec tory ,  and 
Operational F l i g h t  T r  a j  e c t  ory , respec t ive ly  . 
The l eve l  of  d e t a i l  of  t h e  data book increases  
with each r ev i s ion .  

Typical  Contents: A.  Spacecraft  
1. Launch escape system 

9.. Events and wei ghts  
b .  Propulsion systems performance 
c.  Aerodynamics of s tages  
d. Mass c h a r a c t e r i s t i c s  

2 .  Command Service Module 
a. Events and weights 
b. Propulsion systems performance 
c .  Maneuvering r a t e s  and acce lera t ions  
d.  Aerodynamics f o r  impact and l i f e t i m e  

e. Mass c h a r a c t e r i s t i c s  

a .  Events and Weights 
b .  RCS performance 
e.  SCS performance 
d. Entry cor r idor  d e f i n i t i o n  
e.  Entry hea t ing  equations and constants  
f .  Mass c h a r a c t e r i s t i c s  
g . Aerodynamics 

4 .  Lunar Excursion Module 
a.  Events and weights 
b. Propulsion systems performance 
e .  scs 
d. O r b i t a l  drag aerodynamics 
e .  Mass c h a r a c t e r i s t i c s  
f .  

ca l cu la t ions  

3. Command Module 

Impulse imparted by LEN s tag ing  



6. Performance Scan (Lunar Missions) 

Re mons i b i l i t v :  

Inputs From: 

Input To: - 

Purposr : 

T m i c a l  Contents : 

MPAD/MAB 

Mission Requirements and Constraints  
Apollo Mission Data ,Specification (ASPO) 

Preliminary Mission P r o f i l e  (MPAD) 
Feedback t o  Mission Requirements and Constraints  
(ATSO) 

This document contain; quan t i t a t ive  and qua l i -  
t a t i v e  information on mission objcc t ives ,  requi re -  
ments and cons t r a in t s  covering a three-month 
per iod covering t l z  i n  i c n d t  ti 1 aiincli dLl,c. Thiu 
information w i l l  permit mission analyzis  and 
se l ec t ion  of an optimum refcrenct.  t r a j e c t o r y  
or  s e t  of t r a j e c t o r i e s .  A spcondary objec t ive  
i s  t o  s tandardize t h e  proctldurt> and documcntd- 
t i o n  f o r  fu ture  pcrformancc> ;cans on o ther  
f l i g h t s .  

( a )  The 100% access ib le  l i inm landing ar(’2 
f o r  the  th rec  months .;i 1 t.ct,c.d. 

( b )  Selenographic 1 atitlid(-- I ongi t i i d c  1 int-:; 
with bes t  SM propcl1:int rt’st’rves. Thc 
selenographic 1at i tudt . -  longitude 1 incs  
a r e  those l imi tcd  by 15’ and 145’ sun 
e leva t ion  and 1+‘Io East ,tnd West st It.- 
nographic 1 ongitudc. The t r a j ec to ry  
configurat ions are as -follows: 

1. 90° launch azimuth 
2 .  Translunar incjcTctiotis from both t h e  

3. Translunar i n j c c t i o n  from ont’ t a r t h  
P a c i f i c  and At l an t i c  Oceans 

o r b i t  1 a t e r  

(d) Overlays showing d a i l y  lllniir 1 andin&; ~~l’i’a 
accessiblca from both Pacif‘ir  and At1 a n t i c  
t r ans luna r  inject ion: ; .  
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6. Performance Scan (Lunar Mission) (Cont'd) 

( e )  SM and LEM performance c h a r a c t e r i s t i c s  
f o r  t he  des i r ab le  o r  candidate lunar  
l a n d i n g  s i t e s .  

1. SMpropellant reserves  f o r  each of 
the d a i l y  e a r t h  launch window f o r  7 2 O  

1080 launch azimuths constrained 
follows : 

Translunar i n j e c t i o n  from both 
oceansCif access ib l e  from both 
as  shown by d ) .  

F i r s t  and second t r ans luna r  
i n j e c t i o n  oppor tun i t i e s .  

Lunar s t a y  t ime. 

LEM out-of-plane capab i l i t y .  

Translunar and t r a n s e a r t h  f l i g h t  
time . 
Earth r e t u r n  landing area.  

( f )  Ai rc ra f t  Coverage Tracking and Communication 
da ta  immediately before ,  during, and a f t e r  
t rans lunar  i n j e c t i o n  f o r  launch azimuths 
between 72O and 1080 f o r  each t r a j e c t o r y  
configuration. 



7. MSFC Preliminary Mission Profile 

Responsibility: MSFC 

Inputs From: Mission Requirements and Constraints 

Input To : This document is the preliminary description 
of the L/V mission trajectory, and is intended 
merely to present its basic details for initial 
concurrence. 

Typical Contents: A. Mission Description 
B. Weight and Mass Characteristics Data 
C. Propulsion Subsystems Performance Data 
D. Trajectory Data (Typical) 
E. Sequence of Events 
F. Tracking Data 

1 
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8. MSC Preliminary Mission P r o f i l e  

Re spons i b  i lit y : MSC/MPAD-FAB, rn 
Inputs  From: Mission Requirements and Constraints  and 

Apollo Mission Data Spec i f ica t ions  A 

Prel iminary L/V and S I C  Reference Tra j ec to r i e s  
Apollo Mission Data Spec i f ica t ions  B 

Input To : 

Purpose : This document i s  t h e  prel iminary desc r ip t ion  
of t h e  mission t r a j e c t o r y ,  and i s  intended 
merely t o  present  i t s  bas i c  d e t a i l s  for  i n i -  
t i a l  concurrence. 

Typical Contents: A. Mission Description 
(Development B. Weight and Aerodynamics Charac t e r i s t i c s  
M i s  s ion)  C .  Propulsion Subsystems Performance 

D. Trajectory Data (Typical)  
E. Sequence of Events 
F. Tracking Data 

Tjrpical Contents: A .  Mission Description - verba l  descr ip t ion  
(Lunar Mission) of t h e  cha rac t e r i s t i c s  of each phase of 

t h e  mission 

General - mission durat ion,  landing s i t e s ,  
recovery area,  lunar  l i g h t i n g  conditions.  

Launch - launch windows azimuth range 

Earth O r b i t  - o r b i t a l  elements 
- i n s e r t i o n  pos i t i ons  
- coast  time t o  i n j e c t i o n  

TLI  - pos i t ion  of i n i t i a t e  and terminate  
- time of i n i t i a t e  and terminate  
- i n j ec t ion  energy required and payload 

c apab i 1 i t y  

Transposit ion and docking - pos i t i on  and time 
when th i s  should occur 

- l i g h t i n g  condi t ions 
- t rack ing  ava i lab le  



MSC Preliminary Mission P r o f i l e  (Cont 'd) 

T.L. t r a j e c t o r y  - f r e e  rrJtirrn c ) r  not? 
- f l - ight  Lime t o  p c r i l u n t  
- per i lunc  condi t ions 

(pos i t i on  and ve loc i ty )  

L.O.I .  - time and pos i t i on  of mmciivcr i n i t , i a t e  
r e l a t i v e  t o  pcriliint 

- dura t ion  
- s t a t e  vec tor  a t  cnri of mantuvir 

* 
B .  Configuration da ta  - v t  ir;hl,. 

- dt.roiivn {mica 
- S/C propel I ant  r(> jiiirt3d 

- I s p ' ;  
- thm:>.t ~ L ~ V C ~ S  

C .  Tra jec tory  da t a  - posi t ioi i  and ve loc i ty  time 
h i s t o r i e ;  i n  coordinate 
ry-tL-m- a*i;propriatc ~ ' C I -  

each pha.>t 

t rack;  
- geographic and. s( 1 cnogrupliic 
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9. Apollo Mission Data Spec i f ica t ion  B 

Respons ib i l i ty :  MSC/ASPO (SED) 

Inputs  From: Subsystem Managers, ASPO, Contractors ,  MSFC, 
Preliminary Mission P r o f i l e ,  e t  a l .  

Input  To: Preliminary Reference Tra jec tory  

This i s  the r ev i s ion  of t h e  previous i s s u e  
of t h e  Data Book (number 5 ) .  
i s  t o  update t h e  data t o  support  t h e  genera- 
t i o n  of the  Prel iminary Reference Tra jec tory .  
Three sigma dispers ion  d a t a  w i l l  be  included 
where appl icable .  

The purpose 

Typical  Contents: A. Spacecraft  
1. Launch escape System 

a. Events and weights 
b .  Propuls ion systems performance 
c .  Aerodynamics of s tages  
d. Mass c h a r a c t e r i s t i c s  

2 .  Command Service Module 
a. Events and weights 
b .  Propulsion systems performance 
e .  Maneuvering r a t e s  and acce lera t ions  
d. Aerodynamics f o r  impact and l i f e t i m e  

e .  Mass c h a r a c t e r i s t i c s  

a. Events and weights 
b. RCS performance 
c .  SCS performance 
d. Entry co r r ido r  d e f i n i t i o n  
e .  Entry hea t ing  equations and constants  
f .  Mass c h a r a c t e r i s t i c s  
g. Aerodymmics 

4. Lunar Excursion Module 
a. Events and weights 
b. Propulsion systems performance 
e .  scs 
d. O r b i t a l  drag aerodynamics 
e .  :.“lss zh&-c&,:ristics 
f .  Impulse imparted by LEM staging 

ca l cu la t ions  

3. Command Module 
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10. Preliminary L/V Reference Tra jec tory  

Respons ib i l i ty  : 

Inputs Fr6m: 

Input To : 

Purpose : 

Typical Contents: 

MSFC 

Prel iminary Mission P r o f i l e  

Prel iminary S/C reference Tra jec tory  and 
Preliminary Reference Tra jec tory  

This document contains  a nominal launch t r a j e c -  
t o r y  t h a t  s a t i s f i e s  mission launch objec t ives  
and requirements t ak ing  i n t o  account MSFC con- 
s t r a i n t s  and L/V and S/C c a p a b i l i t i e s  us ing  
prel iminary est imates  of L/V and S/C performance 
and c h a r a c t e r i s t i c s .  

A. Boost Phase Descr ipt ion 
B. Weight and Mass Charac te r i s t i c s  
C .  Propulsion Subsystems Performance 
D .  Tra jec tory  Data 
E. Sequence of Events 
F. Tracking Data 
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11. Preliminary S/C Reference Tr a j ectory (Development Mi s s ion) 

Responsibility: MPAD/FAB, MAB 

Inputs From: Preliminary Mission Profile 
Preliminary L/V Tr a j ectory 
Apollo Mission Data Specification B 

Inputs To: Preliminary Reference Trajectory 

Purpose : This document contains a nominal trajectory 
that satisfies mission objectives and require- 
ments taking into account constraints and L/V 
and S/C capabilities using preliminary estimates 
of L/V and S/C performance and characteristics. 

Typical Contents: A. Mission Objectives and Requirements 
B. Weight and Aerodynamic Characteristics 
C. Propulsion Subsystem Performance 
D. Trajectory Data 
E. Sequence of Events 
F. Tracking Data(Inc1udes S C look an les e&@ 

and Dopple c profiles? 
Preliminary S/C Reference Trajectory (Lunar Mission) 

Responsibility: 

Inputs From: Preliminary Mission Profile 
Preliminary L/V Trajectory and Data Book Revision 1 

Input To : Preliminary Reference Trajectory 

Purpose: This document contains an Apollo post-injection 
trajectory (after TLI but before Transposition 
and Docking) which satisfies all mission objec- 
tives and requirements, taking into account all 
operational constraints, S/C performance capa- 
bilities, and steering laws. These trajectories 
will use the nominal L/V ascent trajectory 
characteristics and earth relative coordinates 
at TLI as initial conditions. A family of 
trajectories will be presented for the follow- 
i cg  a.zzimr.t.hs and constraints : 

1. 
2. One opportunity per day 
3. 

Launch Azimuths - 72O, go0, 108O 

Injection performed on second and third 
orbits 
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11. Preliminary S/C Reference Tra jec tory  (Lunar Mission) (Cont'd) 

Typical Contents: A .  Mission Dbjectives 
1. Test and experimental ob jec t ives  

B .  Mission Requirements 
1. Daily e a r t h  launch window for each of 

t h e  lunar  landing s i t e s  such t h a t  a 
minimum of t h r e e  consecutive days i s  
ava i lab le  f o r  t r ans luna r  i n j e c t  ions 
f o r  one ocean. 

2.  Tventy-six degree launch azimuth range 
for each day of t h e  d a i l y  ea r th  launch 
window. 

C .  Tracking and Communication D a t a  
1. The following da ta  f o r  a l l  S/C phases:  

S t a t ions  acqu i s i t i on  and blackout 
schedules - range 

- range r a t e  
- e leva t ion  

S/C look angles ( Q  & p )  and doppler 
p r o f i l e s  during s t a t i o n  passes .  

2. 

D .  S/C Tra jec tory  Data 
I. Service Module - t ranspos t ion  and 

docking dat,s 
- pericynthion a l t i t u d e  
- lunar  o r b i t  o r i e n t a t i o n  
- lunar  o r b i t  i n s e r t i o n  

t r a j e c t o r y  parameters 
- t r a n s e a r t h  i n j e c t  ion 

t r a j e c t o r y  parameters 
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12. Prel iminary Reference Tra jec tory  (Development Missions) 

Re spons i b i l i t y  : MPAD/FAB, MAB - MSFC ( t h r u  F l i g h t  Mechanics Panel)  

Inputs  From: Prel iminary L/V Reference Tra jec tory  
Preliminary SIC Reference Tra jec tory  

Input  To: Launch Vehicle Target ing Proposals (MSFC-MSC) , e t  a1 

Furpos e : This document demonstrates an agreement between 
t h e  two Centers t h a t  t h e  
L/V and S/C Reference Tra j ec to r i e s  a r e  compatible 
and that  t h e  combination represents  an acceptable  
Prel iminary Reference Tra jec tory  f o r  each Center.  

Prel iminary 

Typical  Contents: This document w i l l  be i n  t h e  form of a memorandum 
(o r  a s h o r t ,  more formal document) which b r i e f l y  
summarizes and re ferences  t h e  ind iv idua l  MSC 
and MSFC Preliminary Reference Tra j ec to r i e s .  
summary w i l l  be prepared i n  such a manner that  
t h e  information requi red  fo r  t h e  FMP I C D ' s  w i l l  
be e a s i l y  ex t rac tab le  using t h e  same t a b l e s  and 
f igu res .  The document w i l l  bear  t h e  s igna tures  
of t he  Co-Chairmen of  t he  Guidance and Performance 
Subpanel, the Co-Chairman of t h e  F l i g h t  Mechanics 
Panel ( i f  required)  and t echn ica l  approval signa- 
t u r e s  as required by each Center. 

The 

Prel iminary Reference Tra jec tory  (Lunar Missions) 

Respons ib i l i t y  : MPAD/MAB and MSFC ( t h r u  F l i g h t  Mechanics Panel 
with j o i n t  s ignature  page) 

Inputs  From: Prel iminary L/V Trajectory,  
Prel iminary Mission P r o f i l e ,  
Prel iminary S/C Reference Tra jec tory  

I n m t  To : Launch Vehicle Targeting Requirements (MSC) e t  a 1  



1'. Preliminary Reference Trajectory (Lunar Missions) (Cont 'd) 

Purpose: This document contains a family of six nominal 
trajectories, all of them satisfying mission 
objectives and requirements, taking into account 
constraints and L/V and S/C capabilities using 
preliminary estimates of L/V and S/C performance 
and characteristics. This document combines the 
S/C and L/V preliminary reference trajectories 
in one continuous trajectory for each of the 
following azimuths and constraints: 

Typical Contents: A. 
B. 
C. 
D. 
E. 
F. 
G. 

1. 
2. One opportunity per day 
3. 

Launch azimuths - 70°, goo, 108' 

Injection performed on second and third 
orbits 

Mission Objectives and Requirements 
Weight and Aerodynamic Characteristics 
Propulsion Subsystem Performance 
Trajectory Data 
Sequence of Events 
Tracking Data 
Window 
1. Lighting 
2. Eclipse 
3. Radiation 
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. 

13. Operational Requirements f o r  Spacecraft Navigation, Guidance and 
Control 

Respons ib i l i ty :  

Inputs From: 

Inputs To: 

Purpose: 

Typical Contents : 

MPAD/FCD 

Preliminary Reference Tra jec tory  

Preliminary MSFN Error Analysis 
S/C G&N Systems Operation Plan 

The purpose of t h i s  document i s  t o  spec i fy  
t h e  mission o r i e n t e d  spacecraf t  guidance 
requirements. It i s  intended t h a t  t h e  i n f o r -  
mation contained he re in  w i l l  be  used i n  t h e  
f i n a l  determination of t h e  spacecraf t  guidance 
configuration, s t e e r i n g  laws, guidance and 
con t ro l  i n t e r f a c e  requirements, contingency 
p l ans ,  and spacecraf t  d i sp l ay  data .  

A. Requirements f o r  Spacecraft Guidance 
and Navigation 
1. Apollo Guidance Computer Capab i l i t y  

Requirements 
a. AGC Capabi l i ty  Requirements 
b .  Update 
c .  Maneuver Vector 
d. Control of O r b i t a l  Elements 
e. Thrusting At t i tude  

g. Reentry Guidance 
2.  D i g i t a l  Command System and Telemetry 

Implement a t  ion Requirements 
3. Spacecraft Display Requirements 

Nominal and Contingency Operational Mission 
Plans 
Real Time Computer Complex I n t e r f a c e  
Requirements 
Review o f  Es tab l i shed  Steer ing  Laws 

. f .  Deorbit 

B. Nominal Targets 
C .  

D. 

E. 
F. Reentry Guidance Logic 

* This information w i l l  be combined with assoc ia ted  requirements 
generated wi th in  t h e  Guidance aiid C o n t r o l  D i V i s i n n  and w i l l  form 
t h e  b a s i s  of a program spec i f i ca t ion  ( i n  combination with t h e  
Prel iminary Reference Trajectory) from which MIT w i l l  begin 
f l i g h t  program development for each mission. 



14. L/V Targeting Proposal 

Re spon s i b  il it y : 

Inputs  From: 

Input To: 

Puroos e : 

Typica l  Contents : 

MSC/MPAD-G&PB 

Prel iminary Reference Tra,iectory 

L/V Targeting Requirements 

This document i s  used t o  give MSFC t h e  L/V 
t a r g e t i n g  requirements i n  order t h a t  t h e  
guidance equations can be determined with con- 
currence from MSFC. Pe r fec t  guidance i s  assumed. 

A .  Sequence of Events 
B. Targeting Data and Tolerances 

This document w i l l  p resent  a per icynthion 
"box" for a s p e c i f i e d  l i f e t i m e  and i n c l i n a -  
t i o n  ( luna r  mission) 

C .  Ground Control G&C Requirements 
D. L/V Mission Logic Requirements 
E .  Cons t ra in ts  

1. Transpos i t ion  and Docking c o n s t r a i n t s  
(appropr ia te  missions) 

2. Communications c o n s t r a i n t s  
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. 

15 ,  L/V Target ing Proposal 

Re spons i b  i l i t y  : 

Inputs  From: 

MSFC 

Preliminary Reference T r  a j ec to ry  (MSC-MSFC ) 

Input To : L/V Targeting Requirements (MSFC-MSC) 

Purpose: This document g ives  t h e  MSFC L/V t a r g e t i n g  
proposal.  

Typical  Contents: A. Sequence of Events 
B. Targeting Data and Tolerances 

This document w i l l  p resent  a per icynth ion  
"box" for a s p e c i f i e d  l i f e t i m e  and inc l ina -  
t i o n  ( lunar  missions) 

C .  Ground Control  G&C Requirements 
D. L/V Mission Logic 
E. Constraints 

1. Transposit ion and Docking Cons t ra in ts  
(appropriate mission) 

2. Communications Cons t ra in ts  



16. L/V Targeting Requirements I /  

Responsibi l i ty:  MSFC-MSC (thru F l i g h t  Mechanics Panel) 

Inputs  From: Preliminary Reference T r  a j e c t o r y  (MSC -MSFC ) 
L/V Targeting Proposals 

Input To : 

Purpose: 

L/V Guidance Equations (MSFC) 

This i s  a j o i n t  document agreed upon by MSC and 
MSFC and i s  a union of t h e  two L/V Targeting 
Proposal documents prepared by t h e  Centers.  
The document i t s e l f  w i l l  not be an I C D  or re -  
ceive wide d i s t r i b u t i o n ,  bu t  w i l l  be incorporated 
i n  the  appropriate  FMP I C D .  

Typical Contents: A. Sequence of  Events 
B. Targeting Data and Tolerances 

This document w i l l  p resent  a per icynth ion  
"box" for a spec i f i ed  l i f e t i m e  and inc l ina -  
t ion ( lunar  miss ion)  

C .  Ground Control G&C Requirements 
D. L/V Mission Logic 
E. Constraints  

1. Transposi t ion and Docking Constraints  
(appropr ia te  mission) 

2. Communications Constraints  



17. L/V Guidance Equations 

Responsibi l i ty:  MSFC 

Input From: L/V Targeting Requirements and 
Preliminary Reference Trajectory 

L/V Preliminary Error Analysis (MSFC) 
Preliminary Abort and Al te rna te  Mission Studies  

Input To : 

Purpose : This document def ines  and describes the  bas i c  
equations of t h e  launch vehic le  guidance system. 

Typical Contents: A. Guidance System Descript ion 
B. Targeting Parameters 
C .  Guidance Equations and Sequencing 



18. S/C Guidance and Navigation Systems Operations P l a n  

Responsibi l i ty  : MSC/G&CD 

Inputs From: Operational Requirements f o r  S/C Navigation, 
Guidance and Control 

Input To : 

Purpose: 

S/C Reference Trajectory 
Preliminary Dispersion Analysis 
Preliminary MSFN Error Analysis 

This i s  an i n t e r p r e t a t i o n  from t h e  guidance 
system viewpoint of what t h e  mission i s  t o  
accomplish, t h e  shape of t h e  t r a j e c t o r i e s ,  
and t h e  associated requirements placed upon 
t h e  S/C Primary Guidance Computers. Opera- 
t i o n a l  descr ip t ions  w i l l  be included f o r  both 
automatic and manual modes. This document 
w i l l  be rev ised  by t h e  "S/C Guidance and 
Navigation Systems Operation" , document number 
39 

Typical Contents: A. 
B. 
C .  
D.  
E. 
F. 
H.  
I. 
J. 

K. 
L.  
M. 

N. 
0. 
P. 

Astronaut/Navigator func t iona l  requirements 
Computer program funct iona l  requirements 
Navigator/AGC in t e r f ace  
F l igh t  sequence of events and t imel ines  
Logic flow diagrams 
Uplink AGC da t a  and commands 
Guidance equations 
G&N e r r o r  ana lys i s  
Tables of guidance gains and spacecraf t  
char ac t  e r  i s t i c  s 
Allocat ion of va r i ab le  s torage 
L i s t  of G&N instrumentat ion 
Tracking requirements f o r  G&N p o s t f l i g h t  
ana lys i s  
Descr ipt ion of G&N system configurat ion 
F l i g h t  p l a n  reference t r a j e c t o r y  
Def in i t ion  of G&N t e s t  ob jec t ives  
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19. Prel iminary MSFN Error Analysis 

Respons ib i l i ty  : MPAD/MPB 

Inputs From: Operational Rqmts f o r  S/C Navigation, G&C 
Preliminary Reference Tra jec tory  

Input t o  : MSC Mission Cons t ra in ts  
Preliminary Dispersion Analysis 

Purpose : This documentpmvides an assessment of t h e  
navigational c a p a b i l i t i e s  of t h e  MSFN r e l a t i v e  
t o  t h e  prel iminary re ference  t r a j e c t o r y ,  and 
can serve as a source document i n  preparing 
f i n a l  mission p l ans  and MSFN implementation 
and operat ions p lans .  

Typical Contents: A. A b r i e f  summary of t h e  mission p r o f i l e .  
B. A descr ip t ion  of t h e  MSFN as appl icable  

t o  the mission being studied. This 
descr ip t ion  w i l l  enumerate t h e  s t a t i o n s  
considered, t h e  type of equipment ava i l -  
able  a t  t hese  s t a t i o n s ,  da t a  r a t e s  a v a i l -  
able,  e t c .  

C.  A statement of t h e  s t a t i s t i c a l  model used 
f o r  each s t a t i o n  enumerated i n  B. 

D. A statement of t h e  a p r i o r i  information 
used i n  each phase of t h e  mission. 

E. A summary o u t l i n e  of t h e  ana lys i s  of t h e  
navigation c a p a b i l i t y .  

F. Results of t h e  ana lys i s  of t h e  MSFN navi- 
gation c a p a b i l i t i e s  i n  t h e  form of graphs, 
t ab l e s ,  e t c . ,  r e l a t i n g  p o s i t i o n  and v e l o c i t y  
u n c e r t a i n t i e s  t o  t r ack ing  i n t e r v a l s ,  data 
r a t e s ,  e t c .  

G. Conclusions and recommendations which can 
have an impact on f i n a l  mission planning, 
MSFC implementation p l an  and ope ra t iona l  
procedures. 
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20. R.F. Coverage Evaluation 

Re spons i b  i li t y  : MSC/ ISD 

Inputs  From: Preliminary Reference Trajectory 

Input To : 

Purpose: 

MSC Mission Constraints  

This document evaluates t h e  a b i l i t y  of t h e  
spacecraf t  and ground system electromagnetic 
t ransmission systems t o  func t ion  throughout 
t h e  mission as defined by t h e  Preliminary 
Reference Trajectory.  It ind ica t e s  any 
changes which must be made t o  obta in  s a t i s -  
f ac to ry  communications. 

Typical Contents: A. Any S/C a t t i t u d e  requirements f o r  com- 
munication and c a r r i e r  acquis i t ion .  

ground s t  a t ion  on each pass .  
B. Communication time l i m i t s  f o r  each 

C .  C i r c u i t  margins 
D. Estimated s i g n a l  margins 
E. R.F. Coverage Analysis 
F. Communications Systems Limitat ions 
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21. Apollo Mission b a t a  Spec i f ica t ionsc  

c 

I 

c 

Re spons i b  i l i t y  : 

InDuts From: 

MSC/ASPO (SED) 

Subsystems Manager, ASPO, Contractors,  
MSC, Preliminary Mission P r o f i l e ,  e t  a l .  

Input To : Reference Tra jec tory  

Purpose: This rev is ion  w i l l  update t h e  da t a  book 
where appl icable  and expand t h e  da t a  t o  
support the generat ion of t h e  Reference 
Trajectory . 

Typical Contents: A. Spacecraft 
1. Launch escape system 

a. Events and weights 
b. Propulsion systems performance 
e .  Aerodynamics of s tages  
d. Mass c h a r a c t e r i s t i c s  

2. Command Service Module 
a. Events and weights 
b.  Propulsion systems performance 
e .  Maneuvering r a t e s  and acce lera t ions  
d. Aeroupamics f o r  impact and l i f e t i m e  

e .  Mass c h a r a c t e r i s t i c s  

a. Events and weights 
b. RCS performance 
c .  SCS performance 
d. Entry cor r idor  d e f i n i t i o n  
e .  Entry hea t ing  equations and constants  
f .  Mass c h a r a c t e r i s t i c s  
g . Aerodynamics 

4. Lunar Excursion Module 
a ,  Events and weights 
b .  Propulsion systems performance 
c. scs 
d. O r b i t a l  drag aerodynamics 
e.  Mass c h a r a c t e r i s t i c s  
f .  Impulse imparted by LEM staging 

ca l cu la t ions  

3. Command Module 
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22. Vehicle Detailed Test Plan 

Responsibi l i ty:  Contractor 

Inputs  From: 

Input To : 

Purpose : 

Mission Requirements 
Preliminary Mission P r o f i l e  
Preliminary Reference Trajectory 

ASP0 ( PS & PF) 

The Test  Plan s h a l l  be prepared i n  response 
t o  t h e  d e f i n i t i o n  of t h e  mission requirements. 
The Test Plan shall  include b u t  not be l imi t ed  
t o  a desc r ip t ion  of t h e  t e s t  vehic le ,  sequencing 
of t e s t i n g ,  s p e c i a l  equipment required t o  
s a t i s f y  objec t ives ,  spacecraf t  support require-  
ments, and the  time phasing f o r  equipment 
prepara t ions ,  de l ivery  and t e s t i n g .  

Typical Contents: A. 
B. 
C. 
D. 
E.  
F. 
G. 
H. 
I. 
J. 
K.  
L. 
M. 
N .  
0. 
P. 

Introduct ion 
F l igh t  Test  Objectives 
Test  Objective Evaluation C r i t e r i a  
Test  Vehicle Configuration 
F l igh t  Constraints  
Mission Rules Summary 
Schedule 
Vehicle Checkout P lan  
F 1 igh t  P 1 ans 
P o s t f l i g h t  Operations 
Apollo Data Requirements 
Test  Reports 
Range and Pad Safety 
GSE Requirements 
General Requirements 
References 



23. Mission Direc t ive  

Re spons i b  ilit y : 

Inputs From: 

Inputs To: 

Typical  Contents : 

MSC/PS & PF 

F l i g h t  Module Vehicle Test P lans  
Mission Operations Plans 
Reference Tra j ec to r i e s  
M i  s s ion  Requirements 
Recovery Plans 
Mission F l igh t  P lans  
A-pollo Measurement Requirements 
Reporting Plan f o r  Apollo Missions 

Test Operations 

The purpose of t h e  mission d i r e c t i v e  i s  t o  
provide a s ingle  a u t h o r i t a t i v e  i d e n t i f i c a t i o n  
and con t ro l  of t h e  requirements, ob jec t ives ,  
assignment of r e s p o n s i b i l i t i e s ,  and s p e c i f i c  
d e t a i l s  of implementation f o r  i nd iv idua l  
f l i g h t s .  Each mission d i r e c t i v e  s h a l l  include 
as a minimum a summary of t h e  following: 

F l igh t  Mission P r o f i l e .  
F l igh t  hardware conf igura t ion  of t h e  
space veh ic l e  major systems and sub- 
systems . 
Operational p l ans .  
Prelaunch sequence and f l i g h t  sequence 
in s t ruc t ions  including recovery and 
emergency procedures. 
Instrumentation l i s t s  slmmary. 
Tracking, communications and a l l  o ther  
ground support system requirements. 

c 
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24, Preliminary Abort and Alternate Mission Studies 

ResDonsibilits: WAD 

Inputs From: Prel iminary Reference Tra jec tory  

Input To: 

Purpose : 

SIC Reference Tra jec tory  
MSC Mission Constraints 

This document p re sen t s  t h e  ana lys i s  of 
a l t e r n a t e  missions around t h e  pre l iminary  
re ference  t r a j e c t o r y  and t h e  r e s u l t s  of 
a genera l  abort  ana lys i s  which are  appl icable  
t o  t h e  mission. 
t h e  abort  s tud ie s  of TRW (Tasks A - 5  and 
A - 7 ) ,  AMPTF and WAD. 

(This  study may draw upon 

Typical Contents : A.  Analysis of poss ib l e  combinations of 
a l t e r n a t e  t r a j e c t o r i e s ,  t h e  ope ra t iona l  
d i f f i c u l t i e s  which might occur and t h e  
AV p e n a l t i e s  requi red  t o  complete t h e  
a1 t ernat  e m i  s s ion.  

B .  Outline r e s u l t i n g  ground r u l e s  f o r  
s e l e c t i o n  o f  a l t e r n a t e  missions i n  
r e a l  time based on study r e s u l t s  and 
r e l a t i v e  d e s i r a b i l i t y  of s p e c i f i c  
a l t e r n a t e  missions.  
Provide t r a j e c t o r y  d a t a  f o r  "canned" 
a l t e r n a t e  missions.  This da t a  would 
be s imi l a r  i n  type  and format t o  t h e  
t r a j e c t o r y  d a t a  i n  t h e  P. R .  T .  

D .  The c h a r a c t e r i s t i c s  of abort  performance 
along t r a j e c t o r i e s  t y p i c a l  of t h e  speci-  
f i e d  mission p r o f i l e  will be examined 

C. 

i n  
1. 

2 .  

3.  

4. 

5 .  
6 .  

7. 

8. 

9. 

d e t a i l .  These d e t a i l s  include: 
AV requi red  f o r  time c r i t i c a l ,  f u e l  
c r i t i c a l ,  and landing s i t e  abor t s .  
E f fec t  of r e e n t r y  v e l o c i t y  con- 
s t r a i n t s  on abort  performance. 
Ef fec t  of d i spe r s ion  on abort  
performance. 
Determination of areas  where delay 
of abort  i s  d e s i r a b l e .  
Determination of areas  where abort  
i s  i T o s s i b l e .  
Determination of areas  where t h e  
time of performing t h e  abort  i s  
c r i t i c a l  t o  abor t  success .  
Determination of what perameters a re  
s i g n i f i c a n t  f o r  monitoring purposes i n  
r e a l  time i n  order t o  make abor t  
dec i s ions .  
Determination of circumstances which 
a f f e c t  t h e  choice of abor t  pa ths .  
E f fec t  of d i spe r s ions  a s soc ia t ed  with 
abort  maneuver on performance. 
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25. F l igh t .  Operations Plan 

I Respons ib i l i ty  : FOD 

Input  Fr  L m : MSC, MSFC and cont rac tor  organiza t ions  

Input To : MSC, MSFC and cont rac tor  organiza t ions  

Purpose : 

Typical  Contents: 

This document i s  intended t o  conta in  a l l  
information which i s  requi red  f o r  t he  planning 
and implementation of t h e  ope ra t iona l  aspec ts  
of  t h e  mission. 

A. Mission Plan 
1. Mission Objectives 
2.  Mission Descr ipt ion by Phase 

1. Evaluation 
B. F l i g h t  Control Functions 

a .  Tra jec tory  ( t r ack ing  and computing) 
b .  Astronaut S ta tus  
e .  Systems S ta tus  

a. MSCC, S i t e s  and Communications Network 
b .  Voice, Command 

(Voice, TIN, Tracking) 
1. Launch Vehicle - C 

2. Control 

C Space Vehicle Communications Systems 

5 - S-IVB 
2. Spacecraft  - CSM 

- LEM 
(Brief systems desc r ip t ions )  

D. Ground Operational Support System 
1. MSCC 
2,  Voice Tracking and Command Networks - 

Ground t o  Space 
3. Data Lines - Ground t o  Ground 
4. Recovery Footpr int  
5 .  Computational F a c i l i t i e s  

E. F l i g h t  Control Procedures 
1. Ground Rules 
2.  F l igh t  Control  Procedures by Mission Phase 

b.  Countaown 
e .  Abbreviated F l i g h t  Plan 

a. Prelaunch Checkout 

(Mission Decision Logic) 
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26. Preliminary Dispersion Analysis 

Responsibil i ty:  MSC/MPAD 

Inputs From: 

Input To : 

Purpose: 

S/C Guidance Equations 
Prel iminary MSFN Error  Analysis 
Apollo Data Spec i f i ca t ion  
S/C Guidance and Control Systems Charac te r i s t i c s  

MSC Mission Cons t ra in ts  
S/C Mission Systems Compatibil i ty 
S/C Reference Tra jec tory  

Typical Contents: A. 
€3. 
C .  
D. 
E. 
F. 
G. 
H. 
I. 

J. 

This document provides d ispers ion  i n  t h e  
spacecraf t  t r a j e c t o r y  due t o  devia t ions  
i n  t h r u s t  , aerodynamics , atmospheric 
dens i ty ,  i n i t i a l  conditions and t o  G&N 
introduced e r r o r s .  The r e s u l t s  w i l l  in -  
clude a s t a t i s t i c a l  assessment of p rope l l an t  
margins, of d i spers ions ,  v e r i f i c a t i o n  of 
t o l e r a b l e  r e e n t r y  conditions f o r  d i spers ions ,  
and v e r i f i c a t i o n  of t h e  ope ra t iona l  f l i g h t  
p l a n  with d i spe r s ions .  

Expected i n i t i a l  condi t ions  
S/C e r r o r  sources 
S/ C t r  a j ec t o r y  d i  sp e r s ions 
G&N t r a j e c t o r y  d i spe r s ions  
Combined t r a j e c t o r y  d i spe r s ions  
P rope l l an t  margins 
Tracking a c q u i s i t i o n  v e r i f i c a t i o n  
V e r i f i c a t i o n  of r e e n t r y  conditions 
V e r i f i c a t i o n  of nominal ope ra t iona l  
f l i g h t  p l a n  with nominal d i spers ions .  
Abort c a p a b i l i t y  from dispersed  
t r a j e c t o r i e s  



27. MSC Mission Cons t ra in ts  

Respons ib i l i ty  : RSPO/MPAD 

Inputs  From: S/C G&N Systems Operations Spec i f i ca t ion  
Preliminary Dispersion Analy s i  s 
Preliminary MSFN Error Analysis 
Reference Mission Cons t ra in ts  

Input To : Reference Mission Cons t ra in ts  , 

f i r n o s e :  This document i s  t h e  MSC input  t o  t h e  Reference 
Mission Constraints document. 

Typical  Contents: A. Spacecraft Cons t ra in ts  
B. OperationaL Cons t ra in ts  
C .  Experimental Cons t ra in ts  
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28. L/V Preliminary Error Analysis (Closed Loop) 

Responsibility : MSFC 

Input From : 

InDut To : 

L/V Guidance Equations (MSFC) 

MSFC Mission Constraints 

Purpose : This document provides data. on the possible 
errors at the targeting points or at the 
cut-off conditions 

Typical Contents: A. Nominal Trajectory 
B. Component Accuracies 
C. Measurement Accuracies 
D. Cut-off Accuracies 
E. Adherence to O p t i m u m  
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29. MSFC Mission Constraints  

ResDons i b i l i t v :  MSFC 

Inputs  From: Prel iminary Reference Tra jec tory  
L/V Preliminary Error  Analysis 

Input To: Reference Mission Constraints  

Purpose : This document i s  t h e  MSFC input  t o  t h e  
Reference Mission Constraints  document. 

Typical  Contents: A.. Launch Vehicle Constraints  
B. Operational Constraints  
C .  Experimental Constraints  
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30. Reference Mission Constraints  

Responsibi l i ty  : MSC/MSFC 

Inputs From: MSC Mission Constraints  
MSFC Mission Constraints  

Inputs To: S/C Reference Tra jec tory  
L/V Reference Trajectory 

Purpose : This document contains  the  j o i n t  cons t r a in t s  of 
MSC and MSFC which a f f e c t  mission and t r a j e c t o r y  
design and must be f i n a l  and complete enough t o  
use for t h e  f i n a l  reference t r a j e c t o r y  and mission 
design . 

Typical Contents: A. Vehicle Constraints  
1. Spacecraft  
2. Launch Vehicle 

B. Operational Constraints  
1. Spacecraft  
2. Launch Vehicle 

1. Spacecraft  
2.  Launch Vehicle 

C. Experimental Constraints  

- Note: 
from each Center and i s  a r e v i s i o n  o r  updating of t h e  c o n s t r a i n t s  
contained i n  the  Mission Requirements and Cons t ra in ts  document. 
It w i l l  be  incorporated i n t o  t h e  appropriate  FMP ICD. 
be formulated by an ad hoc committee of t h e  F l i g h t  Mechanics Panel.  

This document i s  a combination of t h e  mission cons t r a in t s  

It should 
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. 
~ 

31. S/C Mission Systems Compatibil i ty 

Re sp ons i b  i 1 i t y  : NAA/GAEC 

Input From: Prel iminary Dispersion Analysis 
Prel iminary Reference Tra jec tory  

Input  To : ASPO 
S/C Reference Trajectory 

Purpose : This document i s  t he  cont rac tors '  response t o  
t h e  preliminary reference t r a j e c t o r y .  He w i l l  
be expected t o  i d e n t i f y  systems c a p a b i l i t i e s  
t o  be e i t h e r  adequate o r  inadequate t o  f u l f i l l  
t he  mission requirements. 

Typical Contents: The exact content of t h i s  document i s  t h e  
r e spons ib i l i t y  of ASPO and the  cont rac tors ,  
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32. L/V Reference Tra jec tory  

Responsibi l i ty:  

Inputs  From: 

Input To : 

MSFC 

Reference Mission Con 

Reference Tra jec tory  

Purpose I 

Typical Contents: 

t r  

S/C Reference- Traj e k o r y  

i n t  s 

This document provides the  L/V nominal t r a j e c t o r y  
p lan  which s a t i s f i e s  t he  mission objec t ives  tak ing  
i n t o  account a l l  cons t r a in t s  and using expected L/V 
and S/C performance, phys ica l  c h a r a c t e r i s t i c s  and 
c a p a b i l i t i e s ,  and guidance. 

A. Boost Phase Descr ipt ion 
B. Weight and Aerodynamic Data 
C .  Propulsion Subsystem Charac te r i s t i c s  
D.  Trajectory Data (nominal) 
E. Sequence of Events 
F. Tracking and Communications 
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33. S/C Reference Tra jec tory  

Respons ib i l i ty :  WAD 

Inputs  From: Apollo Mission Data Spec. %, L/V Reference 
T r a  j ec  to ry ,  Reference M i s  s i on  Cons t ra in ts  , 
Spacecraft Mission Systems Compatibility, 
R.F. Coverage Evaluation, e t  a1  

Input To : 

Purpose: 

Typical  Contents: 

Reference Trajectory 
F l i g h t  Preparation (Phase 111) 

This document provides t h e  nominal t r a j e c -  
t o r y  p l a n  which s a t i s f i e s  t h e  mission 
ob jec t ives ,  t ak ing  i n t o  account a l l  poss i -  
b l e  cons t r a in t s  and using expected L/V 
and S/C performance, phys i ca l  c h a r a c t e r i s t i c s  
and c a p a b i l i t i e s ,  and guidance. The guidance 
should cons is t  of t h e  s t e e r i n g  laws p l u s  any 
s i g n i f i c a n t  t r a n s f e r  func t ions  of t h e  mechani- 
zat ion.  This document w i l l  be t h e  source f o r  
revisions t o  t h e  Operational Requirements f o r  
S/C Navigation, Guidance and Control (13) . 

Volume 1 
A. Mission Descr ipt ion 
B. L/V and S/C Weight and 

and Aerodynamic Data * 
C .  L/V and S/C Propuls ion 

Performance * 
D. Tra jec tory  and Mission 

Rules and Cons t ra in ts  

Mass Char ac t  e r i  s t  i c s  

Subsystem 

Related Ground 

E. Tra jec tory  Data - summarized 
F. Tracking and Communications 
Volume I1 
Tabulated Tra jec tory  Data - Computer p r i n t o u t  - 
Volume I11 
A .  Tracking Data 
B. Communications Data 

* A ve ry  b r i e f  s ec t ion  which references t h e  appropriate source 
document. 
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34. Reference Tra jec tory  

Responsibi l i ty:  MSC/MSFC ( t h r u  F l i g h t  Mechanics Panel)  

Input From: L/V Reference Tra jec tory  
S/C Reference Tra jec tory  

Input To : F l i g h t  Prepara t ion  (Phase 111) 

Purpose: This i s  a j o i n t  document which summarizes 
and re ferences  t h e  ind iv idua l  MSC and MSFC 
SIC and L/V Reference Tra j ec to r i e s .  
w i l l  i nd ica t e  t h a t  t h e  combination of t h e  
two ind iv idua l  documents represents  an 
acceptable Reference Tra jec tory  f o r  each 
Center. It w i l l  be prepared i n  such a 
manner t h a t  t h e  information requi red  f o r  
t h e  FMP I C D ' s  will be e a s i l y  e x t r a c t i b l e  
using the  same tables  and f igu res .  

It 
. 

Typical Contents : A .  In t roduct ion  
1. Purpose (of  document) 
2.  Scope 

B. Mission Descr ipt ion 
C .  Tra jec tory  Computer P r in tou t  
D.  References (S/C and L/V Reference 

Tra jec tory)  

Note: This document w i l l  bear  t he  t e c h n i c a l  approval s igna tures  
as required by each Center p lus  t h e  s igna tu res  of  t h e  Guidance 
and Performance Subpanel Chairmen and t h e  F l i g h t  Mechanics 
Panel Chairmen. 
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35. L/V Preliminary Abort and Alternate  Missions Studies  

Respons ib i l i ty  : MSFC 

Input From: L/V Guidance Equations 
Preltminary EDS L i m i t  Se t t i ngs  
Mission Constraints  

Input To : 

Purpose: 

S/C and L/V Operational Al te rna te  Mission and 
Abort Tra jec tor ies  Al te rna te  Mission and Abort 
Plan 

This document i s  t o  contain prel iminary L/V 
data and information for abor t  and a l t e r n a t e  
missions.  

Typical Contents: A. Trajectory s tudies  for  d e f i n i t i o n  of 
a l t e rna te  missions and abor t .  
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36. Real Time Program Requirements (TR 165A) 

Responsibility: WAD/ R TPDB 

- Input From : FCD/Pr e liminary Ref ere nce Tr a j e c t ory 
Preliminary Abort and Alternate Mission Studies 

Input To : FOD 

Purpose: The purpose of this document is to detail the 
real time program requirements f o r  each Apollo 
miss ion. 

Ty-pical Contents: A. Introduction and Summary - 
B. Trajectory Processing Requirements 
C. Telemetry Processing Requirements 
D. Command Processing Requirements 
E. 

F. Specific Mission Requirements 
G. 

Mission Operational Readiness and Confidence 
Testing (ORACT Program Requirements) 

Ground Systems Simulation Computer (GSSC) 
Simulation Program and Requirements 



37. Preliminary Operational Timeline I 

Responsibi l i ty:  Contract or 

Input  From : MSC and cont rac tor  organiza t ions  
Prel iminary Reference T r  a j  ec  to ry  

Input  To: Apollo Operational Timeline 

This document provides  t h e  i n i t i a l  planning f o r  
t h e  in t eg ra t ion  of t h e  mission cons t r a in t s ,  
opera t iona l  requirements and crew a c t i v i t i e s  t o  
accomplish the mission ob jec t ives .  It also pro- 
v ides  a base f o r  t h e  development of crew opera t iona l  
procedures. 

Typical  Contents: A .  
B .  

C. 
D. 

E. 
F. 
G.  
H. 
I. 
J. 
K.  

T r  a j e c t ory Charac t e r i s t i c  s 
Gross summary of sequence of events ,  system 
t e s t s ,  experiments, maneuvers, e t c .  
Mission geometry c h a r t s  and graphs 
Operational t imel ine  ( t o  t h e  system operat ions 
l e v e l )  
D e c i s i m  i n t e r v a l  (GO/NO-GO) 
System duty cyc les  
Consumable s h i s  t o r y  
Weight, Cg and moment of i n e r t i a  h i s t o r y  
At t i tude  h i s  t o r y  
Aborts 
Alternate  mission opera t iona l  t imel ines .  



Apollc Mission Data Spec i f ica t ion  D 

Responsibi l i ty  : MSC/ASPO (SED) 

Inputs  From: 

Input To : 

Purpose: 

Subsystems Managers, ASPO, Contractors,  
MSFC, Reference Tra jec tory ,  e t  a l .  

This r ev i s ion  of t h e  d a t a  book w i l l  Support 
t h e  generat ion of t h e  Operational F l i g h t  
Tra jec tory .  The previous da t a  book w i l l  be 
updated and expanded as required.  

Typical  Contents : A. Spacecraft  
1. Launch escape system 

a. Events and weights 
b .  Propuls ion systems performance 
e .  Aerodynamics of s tages  
d. Mass c h a r a c t e r i s t i c s  

2 .  Command Service Module 
a. Events and weights 
b.  Propuls ion systems performance 
e .  Maneuvering r a t e s  and acce lera t ions  
d. Aerodynamic f o r  impact and l i f e t i m e  

e .  Mass c h a r a c t e r i s t i c s  

a. Events and weights 
b .  RCS performance 
e .  SCS performance 
d. Entry co r r ido r  d e f i n i t i o n  
e .  Entry hea t ing  equations and cons tan ts  
f .  Mass c h a r a c t e r i s t i c s  
g .  Aerodynamics 

4.  Lunar Excursion Module 
a. Events and weights 
b .  Propuls ion systems performance 
e .  scs 
d. Orb i t a l  drag aerodynamics 
e .  Mass c h a r a c t e r i s t i c s  
f .  

ca l cu la t ions  

3. Command Module 

Impulse imparted by LEN s tag ing  
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39. S/C Guidance and Navigation Systems Operation P lan  (Revision 1) 

Respons ib i l i ty :  G&CD/MIT 

Input From: Reference T r  a j ec t ory 

Innut To : 

Purpose : 

c 

Gu.idance Computer F l i g h t  Program V e r i f i c a t i o n  
Operational Guidance Computer Program V e r i f i c a t i o n  
Requirements 
MSFC Error Analysis 
SIC Dispersion Analysis 

Typical Contents: A. 
B. 
C. 
D. 
E. 
F. 
H? 
I. 

This i s  an i n t e r p r e t a t i o n  from t h e  guidance system 
viewpoint o f  what t h e  mission i s  t o  accomplish, 
t h e  shape of t h e  t r a j e c t o r i e s ,  and t h e  assoc ia ted  
requirements placed upon t h e  S/C primary guidance 
computers. 
of t h i s  plan i s  t h a t  t h e  d e t a i l s  of t h e  mission 
are  defined a t  t h i s  time by t h e  re ference  t r a j e c -  
t o r y  and only those mission charges which can be 
accommodated i n  the  e rasable  memory po r t ion  of 
t h e  computer can be t o l e r a t e d  from t h i s  time on. 
This document w i l l  be t h e  r ev i s ion  t o  document 
number 18. 

The assumption i n  t h e  development 

J. 

K. 
L. 
M. 

N. 
0. 
P. 

Astronaut/ Navi g a t  o r  func t ion  a 1  r e  qu i r  eme n t  s 
Computer program func t iona l  requirements 
Navigator/AGC i n t e r f a c e  
F l igh t  sequence of events and t imel ines  
Logic flow diagrams 
Uplink AGC da t a  and commands 
Guidance equations 
G8eN e r ro r  ana lys i s  
Tables of guidance ga ins  and spacecraf t  
char act  e r  i s t  i c  s 
Allocation of v a r i a b l e  s torage  
L i s t  of  G&N instrumentation 
Tracking requirements f o r  G&N p o s t f l i g h t  
analys i s 
Description of G&N system conf igura t ion  
F l ight  p l a n  re ference  t r a j e c t o r y  
Def in i t ion  of G&N t e s t  ob jec t ives  . 
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40. S/C Operat ional  Guidance Computer Program Ver i f i ca t ion  Requirements 

Re sp ons i b  i lit y : 

Input From: 

MPAD/GCD 

Reference T r  a j e c t o ry  

Input To : Guidance Comp. Fl igh t  Program Ver i f i ca t ion  -- 
Purpose : This document serves  t o  t ransmi t  FOD 

requirements for ver i fy ing  t h e  guidance 
computer programing t o  G&CD. 

T w i c a l  Contents: A .  In t roduct ion and C l a r i f i c a t i o n  of 
Required Tests  

B .  Grouping of Test  Cases 
C .  Summary of Run; Requirements 
D. P r in tou t  and Output Requirements 

1. Vehicle simulation r e s u l t s  
2 .  Guidance equation r e s u l t s  
3. P e r i o d i c i t y  of p r i n t o u t  
4 .  Number of copies 

E .  L i s t ing  and Detai l ing Test Cases 
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41. L/V Guidance Error Analysis 

Respons ib i l i ty :  MSFC 

Inputs From: Reference Trajectory (MSC/MSFC) 

Input To : MSFN Error  Analysis and S/C 
u ispcrs ion  Analysis (MSC), e t  a 1  

Purpose : This document provides da t a  on t h e  poss ib l e  
e r r o r s  a t  the t a r g e t  p o i n t s  or a t  cut-off condi- 
t i o n s .  It i s  based on t h e  l a t e s t  t r a j e c t o r y  
p lan  contained i n  t h e  Reference Trajectory.  

Typical Contents: A .  Updated Component Accuracies 
B. Measurement Accuracies 
C .  Cutoff Accuracies 
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42. L/V Performance Analysis 

Responsibi l i ty:  MSFC 

Input From: Reference Tra jec tory  
L/V Guidance Error  Analysis 

Input To : Operational L/V F l i g h t  Tra jec tory  
Operational Mission Cons t ra in ts ,  e t  a1 

Purpose : This document provides  the  L/V performance 
ana lys i s  based on the  Reference Trajectory.  

Typical Contents: A .  Performance Dispersions a t  s i g n i f i c a n t  p o i n t s  
B. Dispersions Tra j ec to r i e s  
C . Propel lant  Margins 
D.  

E. 

Comparison of Performance Capab i l i t i e s  and 
Requirements 
Dispersion da ta  throughout Powered F l igh t  



L 

I . 

43. Guidance Computer F l i g h t  Program Ver i f ica t ion  

Re spons i b  i li t y  : G&CD/MIT 

Input From: Reference TraJectory and S/C T e r .  
Program Ver i f ica t ion  Requiremen s 

Guidance Computer 

Input  To : Ope r a t iona  1 S/ C F l igh t  T r  a j ec t o r y  
Operat ional  Mission Constraints ,  e t  a1 

Purpose: This i s  a descr ip t ion  of t h e  guidance computer 
v e r i f i c a t i o n  t e s t .  This document w i l l  be t h e  
b a s i s  f o r  acceptance of t he  computer programs 
by MSC. 

Typical  Contents: A .  Guidance e r ror  sna lys i s  
b .  RCS f u e l  
c .  Guidance performance reserve f u e l  
d .  Appendix containing program l i s t i n g  
e .  Fa i lu re  mode ana lys i s  
f .  Abort mode ana lys i s  

. 
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44. MSFN E r r o r  Analysis 

Respons ib i l i ty  : 

Inputs  From: 

Innut To : 

Purpose: 

Typical Contents: 

MPAD/MPB 

Apollo Mission Data Spec. D ,  S/C G&N Systems 
Operation, Reference Tra jec tory  

Operational F l i g h t  Tra jec tory  Plan, e t  a1 

This document provides  an assessment of t h e  
naviga t iona l  c a p a b i l i t i e s  of t h e  MSFN r e l a t i v e  
t o  t h e  re ference  t r a j e c t o r y .  I t s  purpose i s  
t o  a f f i rm t h e  conclusion and recommendation 
of t h e  pre l iminary  e r r o r  ana lys i s  and t o  
a s c e r t a i n  t h a t  no unexpected naviga t iona l  
c o n s t r a i n t s  have been introduced by t h e  
re ference  t r a j e c t o r y .  

A. A b r i e f  summary of t h e  mission p r o f i l e .  
B. A desc r ip t ion  of t h e  MSFN as appl icable  

t o  t h e  mission being s tudied.  This des- 
c r i p t i o n  will enumerate t h e  s t a t i o n s  
considered, t h e  type of equipment ava i l -  
able a t  t hese  s t a t i o n s ,  d a t a  r a t e s  
ava i l ab le ,  e t c  ., 

used f o r  each s t a t i o n  enumerated i n  B. 

used i n  each phase of t h e  mission. 

t h e  navigation cap a b i l i t y .  

navigation c a p a b i l i t i e s  i n  t h e  form of 
graqhs, t a b l e s ,  e t c . ,  r e l a t i n g  p o s i t i o n  
and v e l o c i t y  u n c e r t a i n t i e s  t o  t r ack ing  
i n t e r v a l s ,  d a t a  r a t e s ,  e t c .  
Conclusions. 

C .  A statement of t h e  s t a t i s t i c a l  model 

D. A statement of t h e  a p r i o r i  information 

E. A summary o u t l i n e  of t h e  ana lys i s  of 

F. Resul t s  of t h e  ana lys i s  of t h e  MSFN 



Innir t To : 

'I'jq i p i l l  Contents : 

MSC/MPAD/ WB 

MSFC: 

MSC: S/C G&N Systems Operation 

L/V Guidance Error  Analysis and 
L/V Performance Analysis 

Apollo Mission Data Spec. D 

Operational S/C F l i g h t  Trajectory,  e t  a1 

This document updates and augments t h e  
Preliminary Dispersion Analysis. It pro-  
v ides  the d ispers ions  i n  t h e  spacecraf t  
t r a j e c t o r y  due t o  devia t ions  i n  t h r u s t ,  
aerodynamics, atmospheric dens i ty ,  i n i t i a l  
conditions and e r r o r s  introduced by t h e  G&N. 
The r e s u l t s  w i l l  include a s t a t i c t i c a l  
assessment of t h e  p rope l l an t  margins, 
t racking acqd i s i t i on  v e r i f i c a t i o n  i n  tine 
presence of d i spers ions ,  v e r i f i c a t i o n  of 
t o l e rab le  r een t ry  condi t ions f o r  d i spers ions  
and v e r i f i c a t i o n  of  t h e  nominal t r a j e c t o r y  
with d ispers ions .  

A. 
B. 
C .  
D .  
E .  
F .  
G. 
H. 
I. 

J. 

Expected I n i t i a l  Conditions 
S/C Er ror  Sources 
S/C Tra jec tory  Dispersions 
G&N Tra jec tory  Dispersions 
Combined Traj ec to ry  Dispersions 
Prop e 11 ant  Margins 
Tracking Acquis i t ion Ver i f i ca t ion  
Ver i f i ca t ion  of  Reentry Conditions 
Ver i f i ca t ion  of nominal t r a j e c t o r y  
with d ispers ions .  
Ab or t C ap ab i li t y  from D i  sp e r  s ed 
Tra j ec to r i e s  

r 



46. I n i t i a l  RTCC Operations Support Plan 

Respons ib i l i ty  : MPAD/RTPDB 

Input From : F 1 igh t C ont r o 1 
Reference Tra jec tory  
L/V Guidance Eqiiations 
L/V Performance Analysis 

Input  To : MSCC Operations, Programmer Working Book 

Purpose: This document provides  MSCC opera t iona l  
personnel with information descr ibing predic ted  
support c a p a b i l i t i e s  of t h e  RTCC opera t iona l  
computer program and computer area.  This in-  
formation i s  based upon RTCC support  requi re -  
ments or ig ina ted  by f l i g h t  con t ro l  elements 
u t i l i z i n g  t h e  MSCC. This document also provides 
MSCC opera t iona l  personnel  with information 
descr ib ing  RTCC t e s t i n g  and f l i g h t  support 
planning. 

Ty-picel Contents: A. 
B. 
C .  
D .  
E.  
F. 
G. 
H. 
I. 
J. 
K. 
L. 

In t roduct ion  
Purpose 
Scope 
Mission Descr ipt ion 
Real-time Computer Complex Objectives 
Test Schedules and RTCC Countdown 
F l igh t  Acceptance Test ing Support Plan 
Computer Cont ro l le r  Procedures 
RTCC Control Complex Configuration 
Operat ional  Computer Program Requirements 
Data Formats and Program Constants 
Tab l e  s 
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117. A p l l o  Operat ional  Time Line 

Contractors 

Preliminary Operat ional  Time Line, Reference 
Tra jec tory  

Input To : Preliminary Mission F l i g h t  P l a n  

Plirjlose : 

j L /  Content :  A. 
B. 

C. 
D.  

E. 
F. 
G .  
H. 
I. 

This document updates and completes t h e  information 
contained i n  t h e  Preliminary Operat ional  Timeline 
document. 

J.  

K. 

Trajectory Charac t e r i s t i c s  
Gross summary of sequence of events ,  system 
t e s t s ,  experiments, maneuvers, e t c .  
Mission geometry c h a r t s  and graphs 
Operational t imel ine  ( t o  the  system operat ions 
leve i) 
Decision i n t e r v a l  (GO/NO-GO) 
System duty cycles  
Consumables h i s t o r y  
Weight Cg and moment of i n e r t i a  h i s t o r y  
Att i tude h i s t o r y  
Aborts 
Alternate  mission opera t iona l  t imel ines .  
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48. Preliminary Mission 

Responsibi l i ty:  

I n m t  From: 

F l ight  Plan 

MSC/FC SD 

Apollo Operational T i m c  Linc 

Input  To : 

Purpose : 

Tvoical Contents : 

Mission F l i g h t  P lan  

This document will conta in ,  i n  p r i l iminary  form, 
a l l  ava i l ab le  information t h a t  i d e n t i f i e s  and 
time re ferences  all crcw a c t i v i t i e s  f o r  accom- 
p l i sh ing  the  mission objective . 
A. In t roduct ion  

1. Mission Tra jec tory  Charac te r i s t ic ;  
’. Mizsion Pha; and StTqucnce I d e n t i f i c a t i o n  
j. Summary o€ 2y;tc.m 171 ight Tczt,, and 

I n f l i g h t  Expt>rimt>nt., 
ti. General NoteL; ( F l i g h t  Plan Rule.,, Space- 

c r a f t  Operational and Environmental 
Constraint  2 ,  N&vigational Data, etC. ) 

B. Detai led F l i g h t  Plan 
C. Special  Ac t iv i t i c .2  
D .  Consummabli Hi:tory, AV hiidget 
E .  Summary F l i g h t  Plan 
F .  Contingcncy Plan: 
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43. Operational Mission Cons t ra in ts  

Respons ib i l i ty  : 

Inputs From: L/V, S/C and MSFC Error  Analysis and 
S/C Dispersion Analysis, e t  a1 

Input To : Operational S/C F l i g h t  T ra j ec to ry  
Operations L/V F l i g h t  T ra j ec to ry  
S/C Al te rna te  Mission and Abort Plan 
L/V Alternate Mission and Abort Plan 

Purpose : This i s  the r ev i sed  Reference Mission Cons t ra in ts  
document and i s  used as a guide i n  t h e  f i n a l  
mission planning and t r a j e c t o r y  design. 

Typical Contents: A. Hardware Cons t ra in ts  
1. S I C  
2. L/V 

1. SIC 
2. L/V 

1. s/c 
2. L/C 

B. Operational Cons t ra in ts  

3. MSF'N 
C .  Experimental Cons t ra in ts  



50. Operational L/V Flight, Trajectory 

Responsibi l i ty  : MSFC 

Inputs  From: L/V Guidance Error  Analysis 
L/V Performance Analysis 
Operational Mission Constraints  

Input To : Operational S I C  FliPht, TrajPrt,ory 

Purpose: 

Typical Contents : .A. 

B .  
C .  
D. 
E .  
F .  
G .  
H. 
I. 
J. 

This i s  t h e  f i n a l  L/V t r a j e c t o r y  p lan  and contains  
t h e  l a t e s t  L/V guidance and e r r o r  ana lys i s  da t a ,  
and b e s t  mission and t r a j e c t o r y  da t a .  (It w i l l  be 
updated a s  necessary.)  

Trajectory and Mission Rrlated Ground Rules 
and Constraints  
Vehicle Configuration 
Weight and Performance Data 
Operational Descr ipt ion of Mission 
Operational Sequence o f  Events 
Trajectory Data 
Operational Dispersion D a t a  
Tracking and Communicatiors Data 
Abort Modes and Contingency Plans 
Alternate  Mission C a p a b i l i t i e s  



5.1. L/V Range Safe ty  Tra jec tory  Plan 

Respons ib i l i ty  : MS F C 

Input From: 

Input To : 

Purpose : 

Reference Trajectory ( J o i n t )  

Mission Range Safety 
S/C Range Safety Tra jec tory  Plan (MSC) 

Typical Contents: A .  

B. 
C. 

D .  

E .  

F. 

G .  

H. 

I. 

J. 

K .  

To s a t i s f y  range s a f e t y  requirements 

Expected e f f e c t s  of d e s t r u c t  a c t i o n  and drag 
coe f f i c i en t s  f o r  r e s u l t i n g  p i eces .  
Destruct  system r e l i a b i l i t y  and l i m i t s .  
Fa i lu re  modes and t h e i r  p r o b a b i l i t y  of 
occurrence f o r  t he  S - I  and S-IVB s tages .  
Change i n  t o t a l  v e l o c i t y  vec tor  o r i e n t a t i o n  
i n  the  l a t e r a l  d i r e c t i o n .  
Expected nominal impact po in t  f o r  each s tage  
o r  re-entry body and assoc ia ted  drag c o e f f i c i e n t s .  
Impact dispers ion €or var ious  s tages  and 
components due t o  d e s t r u c t  ac t ion .  
Tracking equipment on board which can be  
used f o r  range safe ty  purposes and the  s tage  
o r  sect ion where each p i ece  of equipment i s  
loca ted .  
Maximum expected l a t e r a l  devia t ion  from t h e  
intended f l i g h t  pa th .  
Maximum expected t r a j e c t o r y  devia t ions  during 
launch phase. 
S t a t i s t i c a l  ana lys i s  t o  determine the  proba- 
b i l i t y  of impact and i n j u r y  for  cases  which 
involve the ove r f l i gh t  of inhabi ted  a reas .  
A magnetic tape  and p r i n t o u t  w i l l  be prepared 
f o r  KSC and MSC, including t h e  following 
powered f l i g h t  t r a j e c t o r i e s :  
(1) Standard 
( 2 )  Maximum Performance 
(3)  Minimum Performance 
( 4 )  Maximum Expected L a t e r a l  Deviation 



52. L/V Alternate Mission and Abort Trajectory 

Respons i b i  l i t y  : MSFC 

Input From : Reference Trajectory (MSFC-MSC) and Prel iminary 
Abort and Al te rna te  Mission Studies 

Input To : Mission Operations 

Purpose : This document contains  t h e  envelope of t r a j e c -  
t o r i e s  which a r e  t o  be followed in t h e  event 
a "L/V configuration" a l t e r n a t e  miss ,  on o r  abort  
i s  requi red  a t  any p o i n t  i n  t h e  mission. 

Typical Contents: A .  Def in i t ion  of Alternate  Mission Tra jec tory  
Logic f o r  Each Mission Phase 

f o r  Each Mission Phase 

Phase 

B.  Def in i t ion  of  Abort Trajectory Families 

C .  Tra jec tory  Decision Logic f o r  Each Mission 
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5;. i p e r a t i o n a l  S I C  Fl igh t  Trajectory 

" 

I 

Respc~ns i b i l i t y  : MI? AD 

Tnpiii From: 

Input To : 

Purpose: 

T\rtj I c a1 L" o n t  e n t  s : 

Operational Mission Cons t ra in ts  
S/C Dispersion Analysis 
Guidance Computer F l igh t  Program Ver i f i ca t ion  
Operational L V F l igh t  Tra jec tory  

Miss ion  operat  ions  
Apollo Missio i? Data Spec i f ica t ion  D 

The primary purpose of t h i s  document i s  t o  
p re sen t  the  f i n a l  mission p l an  t r a j e c t o r y  
da ta .  It sunmarizes and p resen t s  a l l  t r a -  
j e c t o r y  work performed t o  e s t a b l i s h  t h e  
nominal c r  planned mission and includes 
da t a  des i red  by a l l  elements supporting the  
spec i f i c  mission. 

This i s  a comprehensive document and w i l l  
be divided i n t o  separa te  volumes. The con- 
t e n t s  of t hese  volumes should be s i m i l a r  t o  
t h e  following: 

A .  
B.  
C .  

D .  
E .  
F.  
G .  

A. 
B. 

A. 
B. 

Volume I 
Vehicle Configuration * 
Weight and Performance Data * 
Trajectory and Mission Related Ground 
Rules and Cons t ra in ts  * 
Operational Descr ipt ion of Mission 
Operational Sequence of Events 
Launch window mechanism 
Supplementary d a t a  - S/C sunr i se ,  and 
sunset,  moonrise - moonset, experiment 
associated da ta ,  p rope l l an t  management, 
f l i g h t  con t ro l l e r  d i sp lay ,  e t c .  

Vcilume I1 
Trajectory Data - p r i n t o u t  
Operational Dispersion Data 

Vnlume I11 
Tracking data (Dlots  and t abu la t ions )  u \I 

Communications data ( p l o t s  and t abu la t ions )  

* Very b r i e f  sec t ion  which references t h e  appropriate  source document. 



54. S I C  Range Safety Tra jec tory  Plan 

Respons ib i l i ty  : MSC 

Input From: Reference Tra jec tory  ( J o i n t )  
L/V Range Safety Tra jec tory  Plan 

Input To: Mission Range Safe ty  

Purpose : To 

TvDical Contents: A .  

B .  
C .  

D .  

E. 

F. 

G .  

H .  

I. 

J. 

s a t i s f y  Range Sa fe ty  requirements 

Expected e f f e c t s  of des t ruc t  i c t i o n  and drag 
c o e f f i c i e n t s  f o r  r e s u l t i n g  p icccs .  
Destruct system r e l i a b i l i t y  and l i m i t s .  
Fa i lu re  modes and t h e i r  p robab i l i t y  of 
occurrence f o r  the, spacec ra f t .  
Change in t o t a l  v e l o c i t y  vc-ctor ori ntat , ion 
in t h e  l a t e r a l  d i r e c t i o n .  
Expected nominal impact po in t  f o r  each r t  - 
en t ry  body and assoc ia ted  drag coef f ic ien t , .  
Impact d i spe r s ion  f o r  varioui; stagys and 
components due t o  d e s t r u c t  ac t ion .  
Tracking equipment on board which can be 
used f o r  range s a f e t y  purpose's and the s t age  
o r  s ec t ion  where eacli p icce  o f  F%iuiprnent i s  
loca ted .  
Maximum expected l a t e r a l  devia t ion  from t h e  
intended f l i g h t  pa th .  
S t a t i s t i c a l  a n a l y s i s  t o  determine the pro- 
b a b i l i t y  of impact and in ju ry  f o r  cases  
which involve the- ovci-f l igl l t  of' i n l i e k i t t  ci 
a r eas .  
A magnetic t ape  and p r i n t o u t  w i l l  be pre- 
pared f o r  KSC and MSFC, including the  following 
powered f l i g h t  t r a  j c c t o r i e s :  
(1) Standard 
( 2 )  Maximum Performance 
(3)  Minimum Performance 
( 4 )  Maximum Fxpected Latt-rzl Dtvistiori 
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Y 

R c' ;;p (in s i L i 1 i. t y  : MSC/PIPAD 

Inllut,:,  From: Preliminary Abort and Al te rna te  Mission 
Studies ,  Guidance Comp. F l i g h t  Program 
Ver i f i ca t ion ,  MSFN Error  Analysis,  S I C  
Dispersion Analysis, e t  a1 

Twi i c n l  Content,;: 

Operational requirement 

This document i s  an updating and augmenta- 
t i o n  of t h e  Prel iminary Abort and Alternate  
Mission Studies .  It contains  a quan t i t a t ive  
present  a t  ion  of f l i g h t  con t ro l  parameters , 
l i m i t  l i nez ,  e t c . ,  fcr  a l t e r n a t e  mission 
and abort  decis ions.  

1. 

3 .  
3. 

'I. 

1 .  

- 
L. 

3. 

4. 

5. 

Alternate Miqsion 
For each mission phase,  def ine t n e  l i m i t s  
on t he  appropriate  t r a j e c t o r y  parameters 
which r equ i r e  a l t e r a t i o n  t o  t h e  mission. 
L i s t  t h e  a l t e r n a t i v e s .  
Trajectory Decision Logic f o r  each 
mission phase 
A l l  necessary p l o t t e d  o r  t abu la t ed  
data  to s u b s t a n t i t a t e  t h e  log ic  and 
qatisfy the  requirements. 
Ab or t 
F i r  each mission phase,  def ine  t h e  
i rq jec tory  l i m i t a t i o n s  which w i l l  cause 
a n  abort  t o  be i n i t i a t e d .  
Summarize t h e  abor t  performance throughout 
the mission; e.g.:  1) minimum time t o  
r e tu rn  t o  primary recovery a rea ,  o r  
contingency areas  vs. mission t ime; 
- )  tnin;rnum AV t o  r e t u r n  t o  s a f e  reent ry ;  

J ,  i /  "way s t a t i o n "  abort  t a r g e t  da ta .  
Do 1 )  and 3) f o r  each propuls ion system 
ava i lab le .  
Trajpctory con t ro l  d i sp l ay  d a t a  f o r  each 

Trajectory dec is ion  log ic  t'or each 
mission phase. 
All necessary p l o t t e d  or  t abu la t ed  data 
t o  subs t an t i a t e  t h e  log ic  and s a t i s f y  
t h e  requirements. 

$-.3:p. 



56. Spacecraft  O r b i t a l  Debris 

Re sp on s i b  i lit y : WAD (FAB) 

Input  From: 

Output To : NASA Headquarters 

Purpose: 

S/C Contractors ,  Reference Tra jec tory  

This document descr ibes  the  p robab i l i t y  
of casua l ty  r e s u l t i n g  from spacecraf t  o r b i t a l  
deb r i s .  It includes ana lys i s  of hazards due 
t o  o r b i t a l  decay, forcedreent ry  and ea r th  
r e t u r n  t r a j e c t o r i e s ,  both nominal and aborted.  
It excludes considerat ion of hazard; r e s u l t i n g  
from e n t i r e l y  suborb i t a l  f l i g h t ,  which a re  in- 
cluded i n  t h e  Range Saf&y Xudy. 

a .  Tra jec tory  ana lys i s  f o r  l i f e t i m e  predic-  
t i o n s  and establishment of e a r t h  r een t ry  
condi t ions.  

used t o  determine breakup mechanizm;, 
breakup a l t i t u d e s ,  and r e s u l t i n g  p i e c e s .  
Su rv ivab i l i t y  of dehr i s. 

s i z e ,  weight, 1Lcttial ari’a, and impact 
d i spers ions .  

b. Aero, thermal,  and ; t r u c t u r a l  ana lyz t -s  

e .  
d. For surviving debr i s ,  niimhcr 01’ piect>; ,  

e .  Hazards due t o  surviving debr i s .  
f .  Possible3 mc’an; t o  rt diict llazaL.(iA. 

TvDical Contents: 

. 



. 
I ”  

Tnit i  a1 RTCC Operations Support P lan  

‘i’lic ;J1ji-pose of t h i s  book i s  t o  def ine t h e  
dcvempmcnt of  t h e  RTCC program systems. 
T t , s  U S ~ P  w i l l  f a c i l i t a t e  t h e  coordinat ion 
rf the  many indiv idua l  e f f o r t s  which com- 
pris+. t s e  t o t a l  programming endeavor. All 
proc S L ~ ,  and standards s e t  f o r t h  he re in  
ai-= 1 be s t r i c t l y  observed and w i l l  be 
I if; d t y  i.nfi-,rced, i f  necessary,  t o  n a i n t a i n  
I Yi’i I ,  ni cclntrol of t h e  many programming 
L‘acct 7 .  Fina l ly ,  t h i s  book will contain 
i l i -  ,T;I -ups f o r  a l l  of t he  RTCC programs, 
i n  -:der to provide a r e a d i l y  access ib le  
.;y-t xi  ri?fcrence. 

1 1 .  

1. 
J. 

1 - f  niy i~ er /operat ing system 
P’Y~ 1 c i i  t ive 
Hi osion 
Analyzer 
t~ r a t i o n a l  readiness  and confidence 
t i  t i ng  
L i i ; ~ l ~ ~ l  at,ii,n 

F’unc t ion a1 s p e c i f i c  a t  i ons  
[ J  til i t y  

c 
I 

l o  



58. S/C and L/V Guidance Compatibil i ty Ver i f i ca t ion  

Responsibi l i ty  : MSC/MSFC 

Inputs  From: Operational F l i g h t  Trajectory 

Inputs  To: M i  s s ion  

Purpose: 

Typical Contents: 

This document w i l l  provide quan t i t a t ive  
da t a  or evidence tha.t  a switchover from 
booster  guidance t o  S I C  takeover w i l l  
r e s u l t  i n  a s a t i s f a c t o r y  launch t r a j e c t o r y .  

Resul ts  of analyses and s imulat ions of 
switchover. Spec i f i ca l ly :  

. 

Compared t o  non- 
takeover cases  

At t i tude  t r a n s i e n t s  
Tra jec tory  parameters 
Fuel  used 

Show dispers ion  L i m i t s  from which recovery 
can be  made by switchover. 

Del ineate  c r i t i c a l  por t ions  of t r a j e c t o r y  
f o r  switchover. 



59. RTCC Operations Support Plan 

Respons ib i l i ty  : MPAD/RTDPB 

Input  From: 

Input To : 

Purpose: 

FCD, I n i t i a l  RTCC Operations Support Plan 

MSCC Operations 

This document i s  similar t o  t h e  I n i t i a l  RTCC 
Operations Support Plan except t h i s  document 
provides MSCC opera t iona l  personnel  with 
de t a i l ed  d e f i n i t i o n s  of  t h e  support c a p a b i l i t i e s  
of t h e  RTCC ope ra t iona l  computer program and 
computer con t ro l  area.  This p l an  serves  as a 
con t ro l  document, and i s  u t i l i z e d  as a handbook 
by personnel p a r t i c i p a t i n g  i n  RTCC mission 
operat ions support ., 

Typical  Contents: A .  
B. 
C .  
D. 
E.  
F. 
G. 
H. 
I. 
J, 
K. 
L. 

Introduct ion 
Purpose 
Scope 
Mission Descr ipt ion 
Real-time Computer Complex Objectives 
Test Schedules and RTCC Countdown 
F l igh t  Acceptance Test ing Support Plan 
Computer Control ler  Procedures 
RTCC Control Complex Configuration 
Operational Computer Program Requirements 
Data Formats and Program Constants 
Tables 
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60. Mission F l igh t  Plan 

R e  spons i b  i l i t x :  

Input  From : 

Input To: 

Pur-oose: 

Contents : 

MSC -FCSD 

MSC and ContractLr -)r - a ~ i ;  il bi3ris 

MSC Crew Training and Mission 

This document w i l l  i d e n t i f y  and time reference 
a l l  crew a c t i v i t i e s  f o r  accomplishing t h e  mission 
ob jec t ives .  

A .  

B.  
C .  
D.  
E .  
F. 
G .  

I n  t r o duc t i on 
1. Mission Tra jec tory  C h a r a c t e r i s t i c s  
2 .  Mission Phase and Sequence I d e n t i f i c a t i o n  
3. Summary of System F l igh t  Tests  and 

In f  l i g h t  Experiments 
4 .  General Notes ( F l i g h t  Plan Rules, Space- 

c r a f t  Operational and Environmental 
Contraints ,  Navigational Data, e t c . )  

Detai led F1 i g h t  Plan 
Spec ia l  A c t i v i t i e s  
Consumable History,AV Budget 
Weight and Balance History 
Summary F l i g h t  Plan 
Contingency Plans 
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61, P o s t f l i g h t  Trajectory Analysis 

Responsibi l i ty:  MpAD/FAB 

Input From : Fl igh t  Data, Operations Mission Trajectory Plan 
(WAD) 

Input To : ASP0 

Purpose: To evaluate and document t h e  t r a j e c t o r y  performance 
of t h e  mission. 

Typical Content: A .  F l i g h t  Trajectory 
B. L/V Guidance and Performance 
C. S/C Performance (M) 
D . Network Performance 
E. Summary of Dispersions 
F. Cri t ique of :  

1. Hardware Performance 
2, Software Performance 
3. Procedures 

G.  Sequence of Events 
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ORGANIZATIONAL ABBREVIATIONS 

- Apollo Mission Planning Task  Force AMPTF 

- Apollo Spacecraft  Program Office 
- Systems Engineering Division (PS) 
- F l i g h t  P r o j e c t s  Division (PF) 

ASP0 
SED 
FPD 

- F l i g h t  Control Division FCD 

- F l i g h t  Crew Support Division FCSD 

- F l i g h t  Operations Direc tora te  FOD 

- F l i g h t  Mechanics Panel FMP 

- Grumman Ai rc ra f t  Engineering Corporation GAEC 

- Guidance and Control Division G&CD 

- Information Systems Division I SD 

NAA 

NASA 

- North American Aviation, Inc .  

- National Aeronautics and Space Administration 

- Massachusetts I n s t i t u t e  of Technology MIT 

- Mission Planning and Analysis Division 
- Apollo Tra jec tory  Support Off ice  
- Fl igh t  Analysis Brancli 
- Guidance and Performance Branch 
- Mission Analysis Branch 
- Mathematical Physics Branch 
- Rendezvous Analysis Brancli 
- Real Time Program Development Branch 

MPAD 
AT SO 
F AB 
W B  
MAB 
MPB 
RAB 
RTPDB 

- Manned Spacecraft  Center MSC 

- Marshall Space F l i g h t  Centcr MSF C 

- Thompson Ramo Woo idr idge,  Inc . TRW 



MISSION PLANNING AND ANALYSIS DIVISION 

APOLLO TRAJECTORY DOCUMENT DISTRIBUTION 

Dis t r ibu t ion  
Document Code 

Performance Scan 

MSC Prel iminary Mission P r o f i l e  

Prel iminary S/C Reference Tra jec tory  

Prel iminary S/C Reference Tra jec tory  - Computer P r i n t o u t  (Volume 11) 

Prel iminary S/C Reference Tra jec tory  - Radar Data (Volume 111) 

Operational Requirements f o r  S/C Navigation, Guidance and Control 

L/V Targeting Proposal 

Prel iminary MSFN Er ro r  Analysis 

Prel iminary Abort and Al te rna te  Mission Studies 

Prel iminary Dispersion Analysis 

S/C Reference Tra jec tory  

S/C Reference Tra jec tory  - Computer P r i n t o u t  (Volume 11) 

S/C Reference Tra jec tory  - Radar Data (Volume 111) 

Real  Time Program Requirements (TR165A) 
S/C Oper . Guidance Computer Program V e r i f i c a t i o n  Requirements 

MSFN Error Analysis 

S/C Dispersion Analysis 

I n i t i a l  RTCC Operations Support Plan 

Operational S/C F l i g h t  Trajectory 

S/C Range Safe ty  Tra jec tory  Plan 

S/C Al te rna te  Mission and Abort Tra jec tory  

S/C Orb i t a l  Debris 

L/V and S/C Guidance Compatibility V e r i f i c a t i o n  

RTCC Operations Support P lan  

P o s t f l i g h t  Tra jec tory  Analysis 
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Note 1: The d i s t r i b u t i o n  p l a n  f o r  t h e  volumes of t h i s  document may be 
found as an enclosure t o  Ph i l co  l e t t e r  Z-514-A-65/L#82, dated 
June 24, 1965, t o  L. Dungan from J,. Saxton, subject :  
t i o n  l i s t ,  TR 120A and TR 1 6 5 A . I '  
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PA/W. A .  Lee 

PF/R. W .  Lanzkron 

PR/O. G. Morris 

PS/O. E .  Maynard 

PH/W. M .  Bland 

PH6/R. E .  McKann 

AR/F. J .  Bailey,  Jr. 

C A / D .  K. Slayton 

CB/A. B .  Shepard 

CF/W. J .  North 

CF33/C. C .  Olasky 

EA/M. A .  Faget 

EB/P. H .  Vavra 

ED/E. H .  Brock 

EE/R. S. Sawyer 

EE/G. B i l l s  

EG/R.  C .  Duncan 

EP/J. G .  Thibodeau 

ES/J. N .  Kotanchik 

M/R. 0. P i land  

M 2 / J .  W .  Small 

EX3/R.  E .  Vale 

ET/W. E .  Stoney 

FA/C. C .  Kraft, Jr. 

FC/J. D .  Hodge 

FL/R. G.  Thompson 

FM/J. P .  Mayer 

FM/J. P .  Bryant 
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FS/H. E. Clements 

BMb/Joan Bugnacki (Library)  

NASA Headquarters, MA0 

NASA Headquarters, MO 

KSC ( D r .  A .  H .  Knoethe) 

MSFC (Harold Ledford) 

GSFC (Dr. F. 0. Vonbun) 

Bellcomm (Mr . R .  Wagner) 

NAA ( M r .  W .  L .  Steinwachs) 

RASPO, NAA (Thru FM) 

GAEC (Mr. W. C .  Schoen) 

RASPO , GAEC (Thru FM) 

TRW (Thru FM) 

MIT (Mr. John Dahlen) (Thru FM) 

Phi lco  (Houston) 

IBM (Houston/Paul Tani) 


